Zero valent iron supported on mesoporous silicanano particles (NZVI/MSNs) was prepared by the aqueous phase borohydride reduction methods. Prior to the reduction, mesoporous silica nanoparticles (MSNs) were prepared through the activation of fumed silica with concentrated HCl by refluxing at 90 °C. FTIR, XRD, FESEM, EDX and BET were used to characterize theadsorbents prepared. BET surface areas of MSNs, NZVI, and NZVI/MSNs were 126, 41, and 72 m 2 /g for, respectively. The performance of NZVI/MSNs as adsorbent was examined by adsorption of methylene blue (MB), performed in series of batch experiments. In the kinetic studies, pseudo first order and pseudo second order kinetic models were examined. The pseudo second order equation provided the best fit with the experimental data. Thermodynamic studies indicated that the adsorption process is endothermic with ΔH° was 90.53 kJ/mol. Positive ΔS° (300 J/mol) and negative ΔG° (-6.42 kJ/mol) was recorded, indicating the spontaneous of the adsorption process and naturally favorable.
Introduction
The dye pollution from industries, particularly generated from the effluent of textile, leather, food processing, dyeing, cosmetics, paper, and dye manufacturing industries becomes serious concern since their toxicity to living organism [1, 2] . Moreover, the colour appearance in water bodies is unpleasant and disturbing the people. Therefore, removal of dyes becomes important aspects of wastewater treatment before discharging it into environment. Unfortu-nately, dyes are not easily degradable and are generally not removed from wastewater by conventional wastewater systems [3] . For these reasons, colour removal is extensively studied with physical-chemical methods as coagulation, ultra-filtration, electro-chemical adsorption and photo-oxidation [4] . Among these methods, adsorption is widely used for dye removal from wastewater, due to its simplicity in operation and effective for low concentration of pollutant [5] . Numerous studies have been done on dyes adsorption kinetics, equilibrium modelling, and mechanism as well as to the factors that affect adsorption. Recently, mesoporous materials such as MCM-41 have also received a considerable recognition due to their large pore-space and special surface property [6] . Porous materials have attracted the attention of scientists due to commercial interest related to their applications in separations, catalysts, and purification technologies. In the last decade, intensive scientific research efforts have been made in the areas of nanoporous materials and nano adsorbents [7] .
Nanostructures, nanoparticles, nanocomposites and nanocrystalline materials are of interest for both fundamental scientific research and technological applications since some of their properties are controlled by their extremely large surface areas [8] . Furthermore, scientists are still targeting new adsorbent with good property. In recent years, with the development of nanotechnology, various nanomaterials have been extensively used in adsorption [9] . The removal of nanosized adsorbents is an important issue and requires high cost. The application of magnetic particles have been proposed as an approach to imparting magnetic properties onto adsorbents [10] , which can be separated from treated water by a simple magnetic process. Ferriferous salts particles have become the most popular magnetic material due to its low cost, low toxicity and eco-friendliness [11] .
NZVI particle technology becoming a popular choice for treatment of hazardous and toxic wastes, and for remediation of contaminated sites [12] . In the past few years, large numbers of research works have been emerged focusing on production of more active and stable NZVIparticles. On the other hand, simplification of the synthetic procedure of the nano adsorbents, will reduce the cost and increase the simulating ,these important factor for their utilization in large-scale applications [13] . However, most synthetic NZVI procedures display a significant disadvantage such as the observed aggregation, which decreased the activity of NZVI. For this reason, the modification and stabilization of NZVI in solid matrices like MSNs followed by their good dispersion which can lead to steady or even enhanced remediation ability was deemed necessary [16] . Therefore, supported NZVI showed a higher activity compared to non-supported systems. The nano-porous matrices may additionally affect the catalytic and sorption properties of the hosted nano particles [17] .
Previously, the study of MB adsorption onto NZVI/MSNs has been conducted as reported by Hammed et al. [18] . However, the study did not include the kinetic and thermodynamic parameter of the adsorption, that are important to determine the rate of removal of MB from aqueous solution and to characterize the nature of the adsorption process (e.g. spontaneity). In this work, the fume silica was activated for the preparation of MSN, followed by impregnation of the ferric chloride hexahydrate (FeCl3.6H2O) on MSN. Due to the high surface area to volume ratio of the prepared adsorbent NZVI/MSNs, than that of the NZVI, which exhibits an enhanced reactivity and thus activated and increased the uptake capacity of MB through their depletion in neutral conditions. NVZI/MSN nano composite was used as highly efficient adsorbent with excellent separation properties. Methylene blue (MB) was selected as model pollutant to evaluate the optimum adsorption condition included contact time, initial pH solution, isotherm studies and temperature under laboratory conditions. The kinetic and thermodynamic parameter has been investigated for adsorption of MB onto NZVI/MSNs. Pseudo-first and second order kinetic models were used to be fitted with experimental data. Thermodynamic parameters such as changes of enthalpy, entropy and Gibb's free energy were included in this study. Other studies of adsorption of MB onto NZVI/MSNs includes equilibrium time, pH effect and adsorption isotherm model has been reported previously [19] .
Materials and Methods

Materials
Sodium borohydride (NaBH4) 98.5%, iron(III) chloridehexahydrate (FeCl3.6H2O), methylene blue (MB, indicator grade) were obtained from Merck, with molecular weight of 373.9 g/mol and formula of C16H18N3SCl ,while fumed silica (micro porous silica, with a median particle size of 2.5 μm)with purity 99%, was obtained from Dongyang Chemical Company and used directly. Sodium hydroxide (NaOH) and hydrochloric acid (HCl) with purity 99%, were obtained from Sigma-Aldrich. Absolute ethanol and acetone (analytical grade) were purchased from Merck and used without purification. The dye stock solution was prepared by dissolving accurately weighted MB in distilled water to the concentration of 500 mg/L. The experimental solutions were obtained by diluting the dye stock solution in accurate proportions to required initial concentrations of MB solution.
A spectrophotometer type (GENESYS 10S UV-VIS) was used for the determination of absorbance at the predetermined maximum absorbance wavelength (λmax of 663 nm) of (MB). Different concentrations of MB subsequently were used.
Synthesis of NZVI/MSNS
NZVI particles were prepared by using liquid phase reduction methods as described elsewhere [12] . FeCl3 (2 M) solution was prepared by dissolving FeCl3•6H2O into mixture of ethanol and distilled water (3:1 v/v). NaBH4 solution was prepared by dissolving one gram of NaBH4 in 25 mL distilled water. Reduction of FeCl3 solution was conducted by adding NaBH4 solution drop by drop under the vigorous stirring until the mixture's color turned from brown to black [20] . Excess (NaBH4) was typically applied in order to accelerate the reaction and ensured uniform growth of iron particles. Ferric iron ion (Fe +3 ) was reduced and NZVI particles precipitated instantly according to Equation (1).
4 Fe +3 + 3 BH 4-+ 9 H2O → 4 FeO (s) + 3 H2BO3 -(aq) + 12 H + + 6 H2 (
MSNS was prepared by dissolved three grams of fumed silica in 50 mL concentrated hydrochloric acid and refluxed for 3 hours at 90 °C. The solution was left at room temperature (27 ± 2 °C) for overnight then the filtrate was separated from the solution by using filter paper. Excess HCl was removed from filtrate by washing with deionized water several times until pH value of 7 was achieved. Washed MSNS was dried in oven at 150 °C for 4 hours, and then kept in desiccator prior further utilization.
In order to prepare NZVI/MSNS, one g of MSNS was mixed with 0.4 g FeCl3.6H2O. The solid then was diluted using 100 mL mixture of ethanol and deionized water (3:1 v/v). Twenty five mL of NaBH4 solution (20 g/L) was added into the ferric chloride-MSNS mixture drop by drop to reduce Fe. After 30 minutes of agitation, the solid NZVI/MSNS were formed. The solids were collected by filtration and washed with acetone for three times. Remaining solids was dried at 60 °C under vacuum to remove the excess acetone and moisture.
Characterization of adsorbent
The surface area of adsorbent was determined from the adsorption isotherms of nitrogen at -196 °C onto the catalyst using Micromeritics ASAP 2000. All the samples were degassed at 105 °C prior to the analysis and the adsorption of N2 was measured at -196 °C. Brunauer-Emmett-Teller (BET) equation was employed to calculate the specific surface area. The diffractogram of adsorbents were obtained by a Rigakumini Flex II desktop X-ray diffractometer with Cu Kα as a source at a tube voltage of 30 kV and a current of 15 mA. The diffractogram patterns were collected in 2θ range from 0° to 80° with step sizes of 0.02° and at a scanning speed of 1°/min. The surface structure and elemental analysis of adsorbent was observed by using FESEM/EDX (JEOL). FTIR spectra were collected by using PerkinElmer Spectrometry 100.
Adsorption studies
Adsorption of MB onto NZVI/MSNS was conducted in batch experiment. 250 mL conical flasks were filled up with 100 mL of MB solution at desired initial concentration. Amount of 100 mg adsorbent was loaded into the flasks and then sealed with rubber cork and aluminum foil. The flasks were put on a rotary shaker, set to 150 rpm speed at room temperature during the experiment period entirely. Initial and final concentrations of MB in solution were determined by usinga Genesys 10S UV-Vis spectrophotometer based on the absorbance at λmax of 663 nm. Adsorption capacity (qe) of the adsorbent was calculated by following Equation (2) [21] . achieved when the MB concentration in aqueous solution is remained constant. Langmuir and Freundlich isotherm models were employed to investigate the adsorption isotherm of MB onto adsorbents.
Kinetic study of adsorption was conducted by varying the contact time of the adsorption. Pseudo first order kinetic model was evaluated by plotting the correlation between ln (qe -qt) and time (t) according to the Equation (3) . Equation (4) shows the linearization of (t/qt) = f(t). Reaction rate constant k1 and k2 can be determined by the plot's slope for first order as well as its intercept for second order kinetic model.
Thermodynamic parameters of adsorption processes were examined by conducting the adsorption in various temperatures. ΔH°, ΔS°, and ΔG° of adsorption were determined by correlating the distribution coefficient of the adsorption (Kd = qe/Ce) and the temperature of the adsorption (T, K). ΔG°, ΔH° and ΔS° for the adsorption process can be expressed in Equation (5) . From second law of thermodynamic, the Gibbs free energy is defined in Equation (6) .
Substitution of Equation (5) to Equation (6) results:
where R is the ideal gas constant (kJ mol -1 K -1 ), T is temperature in K, and Kd is the equilibrium constant equals to qe/Ce. The enthalpy change and the entropy change can be calculated from a plot of ln Kd vs. 1/T.
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Results and Discussion
Adsorbent characterization
BET surface area and pore volume of adsorbents is tabulated in Table 1 . Small surface area of 41 m 2 /g was provided by NZVI, while a larger surface area of 126 m 2 /g was generated by MSNS. BET surface area of NZVI/MSNS was observed decreasing compare to that of MSNS with the value of 72 m 2 /g. It was due to the particles of NZVI filled the pore and spread on the MSNS surface. However, the surface area of NZVI/MSNS was still larger than that of NZVI standalone. Same phenomenon was also observed in pore size of adsorbent, where the pore volume of NZVI/MSNS (0.466 cm 3 /g) was smaller than that of MSNS (1.051 cm 3 /g) but larger than that of NZVI (0.165 cm 3 /g).
Diffractogram of NZVI and NZVI/MSNS are shown in Figure 1 . The NZVI without iron oxides was identified by the XRD spectrometer under alkaline conditions. No obvious reflections of Fe oxides were observed in the XRD pattern of prepared NZVI suggesting that their major surface species are Fe0. The XRD pattern of NZVI/MSNS indicates the crystalline nature (iron, silicon) of NZVI/MSNs, which was caused by the impregnation of iron nanoparticles (2,2,2) and (2,0,0) [5, 16] . This result indicates that the NZVI/MSNs that the pattern clearly displaced, the higher order (2,2,2) and (2,0,0) reflections suggesting that the hexagonal structure of the support matrix and the nanoparticle growth on its surfaces. Due to the low content of NZVI, obvious diffraction peaks are observed at the 2θ of 35.07°, 53.89° and 31.59°. According to Petala et al., these small peaks suggests that NZVI was partially oxidized to Fe2O3 or Fe3O4 [22] . Figure 2a and 2b illustrates the FESEM image of NZVI and NZVI/MSNS, respectively. In Figure 2a , it is observed that NZVI particles tend to form a chain-like aggregate. According to Park et al. [23] and Noubactep et al. [24] , these structure is formed due to the magnetic attractive force between particles. Figure 2b shows NZVI particles filled up the pore and , 11 (2), 2016, 253 Copyright © 2016, BCREC, ISSN 1978-2993 Table 2 . It confirmed the XRD results above mentioned. FTIR spectra of adsorbents are illustrated in Figure 3 . Infrared spectrum of MSNS (b) shows peaks at wavenumbers of 1680, 1236, 1108, 817 and 480 cm -1 . The bands may be assigned to characteristic vibration of Si-O-Si bridges cross linking the silicate network [18, 19] . The strong band at 1236 cm -1 and 1108 cm -1 can be assigned to the asymmetric [25] , while the band at 817 and 480 cm -1 may be attributed to bending motion of oxygen and rocking motion of bridging oxygen perpendicular to Si-O-Si plane respectively [26] . Obvious reduction of the peak heights are observed in the infrared spectrum of NZVI/MSNS (a). This may be attributed to the formation of Si-O-Fe bonds. Furthermore, the broad adsorption band between 1420 cm -1 and 1360 cm -1 can be correlate with the presence of borate species produced during NZVI synthesis [27] . Figure 4 illustrates the concentration of MB in aqueous solution as function of adsorption contact time. Concentration of MB was rapidly decreased in first 10 minutes. The decreasing of MB concentration was slower after 10 minutes, before the concentration remained constant at equilibrium time. As seen in Figure 4 , equilibrium time has been achieved at contact time of 60 minutes. At equilibrium, total MB adsorbed by NZVI, MSNS and NZVI/MSNS were 6.261 mg/g, 8.658 mg/g and 17.601 mg/g, respectively. It can be concluded that support- ing NZVI by MSNS drastically increase the adsorption capacity compare to that of NZVI or MSNS alone. This result also indicates that adsorption capacity is dependent with surface area and pore volume of adsorbents as shown in Table 1 . In addition, dispersion of NZVI onto the support as shown in FESEM image provided significant contribution in enhancing the adsorption performance.
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Adsorption study
Langmuir and Freundlich isotherm models were employed to describe the adsorption process in this study. Langmuir isotherm is based on the assumption that adsorption on a homogenous surface, the surface consist of identical sites, equally available for adsorption and with equal energies of adsorption and that the adsorbent is saturated after one layer of adsorbate molecules forms onto surface [28, 29] . Equation (8) expressed the linearized form of Langmuir adsorption isotherm. The Langmuir constant, KL and qm can be calculated from plot Ce/qe versus Ce as illustrated in Figure 5a . (8) The linearized Freundlich isotherm equation that corresponds to the adsorption on heterogeneous surface is given as Equation (9) .
where Ce is the concentration of solute at equilibrium (mg/L) and qe is the adsorption capacity at equilibrium (mg/g). The Freundlich isotherm constants KF and n can be determinate from the plot of ln qe versus ln Ce as illustrated in Figure 5b . The slope 1/n measures the surface heterogeneity. Heterogeneity becomes more prevalent as 1/n gets closer to zero [25] .
Langmuir and Freundlich isotherm parameters for adsorption of MB onto NZVI/MSNS are summarized in Table 3 . Langmuir and Freundlich constant of adsorption of MB onto NZVI/MSNS were 0.125 L/mg and 1.594, respectively. Maximum adsorption capacity of MB onto NZVI/MSNS determined by Langmuir isotherm was 71.42 mg/g. This value is comparable with some other adsorbent as shown in Table 2 . In overall, Freundlich isotherm characterized the adsorption process better than that of Langmuir isotherm as indicated by higher correlation coefficient value. The surface heterogeneity of the adsorbent became more prevalent, since the 1/n value of Freundlich isotherm parameter of adsorption was nearly zero [25] . Hence, the adsorption of MB onto NZVI/MSNS can be considered as a multilayer adsorption rather than a monolayer adsorption.
Kinetic Study
Plot of both first and second order kinetic models are illustrated in Figure 6 , while the kinetic parameters calculated were summarized Mesoporous silica 0.0084 11.24 [11] Low-Cost Natural Jordanian Tripoli 0.026 9.76 [28] Crofton weed stalk (CWS) 0.0120 17.575 [22] (a) (
in Table 4 . Linear regression of both models provided the correlation coefficient value of 0.11 and 1.00 for pseudo first order and second order, respectively. It is obviously clear that the adsorption kinetic of MB onto NZVI/MSNS obeys the pseudo second order kinetic model. This result is also in agreement with other adsorbent that were fitted best by pseudo second order model as shown in Table 4 .
Thermodynamic study
Effect of temperature on adsorption properties of MB onto NZVI/MSNS can be illustrated by using van't Hoff plot that correlates between 1/T and ln Kd as shown in Figure 7 . From this linear plot, thermodynamics properties such as ΔH°, ΔS° and ΔG° were determined according to Equation (5) and (6) . The results are summarized in Table 5 . Positive change of enthalpy of adsorption indicates that the process is endothermic. It is in agreement with the increasing of adsorption uptake at higher adsorption temperature. The positive value of ∆S° showed the affinity of the NZVI/MSNs for MB and the increasing randomness at the solid-solution interface during the adsorption process. The negative value of ∆G° indicated the feasibility of the process and the spontaneous nature of the adsorption with a high preference of MB onto NZVI/MSNs. The values of ∆G° were found to decrease as the temperature increased, indicating less driving force and hence resulting in less adsorption capacity [30] . Observed thermodynamic parameters indicate that the process was spontaneous and endothermic.
Conclusions
NZVI/MSNS, a new adsorbent, has been successfully prepared by reduction method with high surface area and high adsorption capacity which determine by the isotherm studies. The adsorbent has large surface area and pore size of 72 m 2 /g and 0.466 cm 3 /g, respectively. FESEM micrograph of adsorbent indicated the size of NZVI particle was within the range of 7-10 nm. Adsorption study of MB onto NZVI/MSNS showed good performance with maximum adsorption capacity is 71.42 mg/g. Adsorption process is considered as multilayer adsorption and fit to the Freundlich 
